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Abstract. The surface chemistries of three 
particulate samples collected from the lower 
stratosphere have been determined using a Scanning 
Auger Microprobe (SAH). These samples are typical 
of the most abundant natural and anthropogenic 
particles observed within the stratosphere in the 
>2�m diameter size fraction. Successive sputter­
ing and analysis below the first few adsorbed 
monolayers of all particles shows the presence of 
a thin (<lSOA) sulfur layer. These sulfur regions 
probably formed by surface reaction of sulfur-rich 
aerosols with each particle within the strato­
sphere. Settling rate calculations show that a 
typical sphere 001-!m diameter) may reside within 
the aerosol layer for �20 days and thus� proviJb a 
qualitative guide to surface sulfur reaction 
rates. 
Introduction 
Several stratospheric aerosol models have been 
used to predict the influence of human activities 
on climate by perturbations to radiation transfer 
through the atmosphere [Turco et al., 1982]. For 
>11-!m particles, surface chemical interactions with 
fine-grained (<0.1lJm) aerosols which predominate 
up to "'35km altitude may be important in these 
models of aerosol and climate evolution [Turco et 
al.� 1982]. Particle-aerosol interactions may 
also provide a sink for important aerosols in the 
stratosphere [e.g. Hz02; �S04; HCI; Baldwin and 
Golden, 1979] if the total particle surface area 
is high and the particle-aerosol couple is lost by 
gravitational settling. Zolensky and Mackinnon 
[1984] calculate a density of "'10-l particles. m-3 
for particles >lJ..!m in diameter in the aerosol 
layer. A similar analysis of data over a seven­
year timespan suggests that the anthropogenic 
fraction of the total particle abundance is 
increasing [M.E. Zolensky, personal communication, 
1984]. In order to investigate possible aerosol­
particle surface reactions, we have undertaken a 
preliminary Auger spectroscopy study on three 
particles collected from the stratosphere under 
ambient conditions. 
Experimental 
Stratospheric particles were sampled using 
silicone-oil coated, flat-plate impact collectors 
attached to the wing pylons of a WB-57F aircraft 
flown at altitudes between 16.8km and 19km over 
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western USA. Collection flag W7017 accumulated a 
total of 45 hours at these altitudes from July 7th 
to September 15th, 1981. Flag W7010 accumulated a 
total of 69 hours from May 26th to June 17th� 
1981. Pre- and post-flight procedures by the JSC 
Curatorial Facility ensure that contamination of 
collection surfaces by non-stratospheric particles 
is negligible. The selected particles are among 
many hundreds on each collection surface and are 
cataloged as sample numbers W7017E8, W7017E18 and 
W7010B23 respectively, in the JSC Cosmic Dust 
Collection [Clanton et al., 1982]. 
All samples were processed by standard methods 
in a Class 100 clean room at the JSC Curatorial 
Facility [Clanton et al., 1982). This processing 
included gentle hexane washing of each specimen to 
remove adhered silicone oil used in the collection 
process. Scanning electron microscopy (SEM) and 
bulk elemental analyses were obtained using a JEOL 
100CX analytical electron microscope at an accel­
erating voltage of 100kV. Samples were not coated 
with a conductive element (e.g. Au, f.u/Pd or C) 
prior to SEM or Auger spectroscopy. After SEH and 
energy dispersive spectroscopy (EDS) analysis, 
particles were transferred by micromanipulator to 
carbon planchettes coated with a thick indium 
layer. 
A high resolution Model 595 SAM was used for 
Auger spectroscopy at initial accelerating volt­
ages of 3kV and 5kV after preliminary light 
sputtering with an argon beam to remove adsorbed 
3tmospheric carbon or oxygen. At the top surface 
of the samples� a_ few mono layers of carbon were 
present, probably due to both adsorbed co2 and the 
remains of silicone oil and/or the hexane rinse 
from processing at the JSC Curatorial Facility. 
Minor amounts of indium were detected in all 
spectra due to unavoidable self-contamination 
during sputtering. The spectrum for indium is 
well-characterized and does not interfere with the 
elements analyzed in these samples. Analysis of 
the sample substrate before and after sputtering 
showed that S or C1 are not present, though carbon 
and oxygen were detected. Samples were sputtered 
with an argon ion beam initially for 12 second 
intervals. Final spectra were collected after 
repeated 60 second sputtering intervals at 10kV. 
Approximate depths from the top surface of each 
particle were estimated from accumulated sputter­
ing times. The average sputtering rate for these 
particle compositions is <v75A per minute. Raw 
spectral data were reduced with a standard five­
point differentiation algorithm within the SAM 
software. 
Observations 
Figure 1 shows SEM images of both spheres prior 
to Auger spectroscopy. The morphology, texture� 
composition and size of sample W7017E18 is typical 
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Fig. 1. 
W7017E!8, 
SEM images of two 
an Al2o3 sphere and 
stratospheric particles used for this Auger study 
(b) Sample W7017E8, a silicate sphere. 
~ 
(a) Sample 
of Al203 spheres collected in the plumes of 
solid-fuel rockets [Brownlee et al., 1976a]. 
Aluminum-rich particles comprise ~40% of the Z-6pm 
fraction collected in the stratosphere during 
ambient periods and ~25% include solid rocket 
exhaust spheres [Zolensky and Mackinnon, 1984 J. 
Bulk EDS analyses for samples W7017El8 and W7017E8 
are shown in Figure 2. The origin of sample 
W7017E8 is more difficult to specify as silica-
rich spheres are not observed in solid-fuel rocket 
exhausts [Strand et al., 1980). However, the 
morphology suggests that heating and ablation, 
perhaps due to atmospheric entry as part of a 
larger (~em size) meteoric body, were significant 
processes for this particle. Particle W7010B23 is 
an alumino-silicate fragment with minor amounts of 
K and Fe and may be debris injected into the 
stratosphere by volcanic eruptions early in 1981 
or 1980 [Zolensky and Mackinnon, 19841. 
Successive cycles of argon sputtering and 
spectral analysis using the SAM provides a quali-
tative elemental profile into a sample at regular 
depth intervals from the top surface layer. 
Spectra for the elements Al, Si, 0, Cl and S were 
monitored for all samples. Figures 3 and 4 are 
plots of reduced data obtained by successive 
sputtering from the surface of particles W7017E18 
and W7017E8, respectively. Spectra obtained from 
the outer surface layers shov peaks corresponding 
to Al for W7017El8 (Figure 3), and Aland Si for 
W7017E8 (Figure 4b). The primary diagnostic peaks 
for Si and Al occur at higher energies, and are 
not shown in Figures 3 and 4. Peaks corresponding 
to S are not observed in Figures 3a and 4a. Other 
peaks due to self-contamination (e.g. In and C) 
are indicated in Figures 3 and 4. The small peak 
(arrowed) in Figure 3a may be due to a minor 
amount of residual silicone oil, since bulk 
elemental analysis shows no detectable Si within 
this Al-rich sphere. 
After sputtering for "~24 seconds, a small, but 
significant S peak is present for both spheres 
(Figures 3b and 4b). Standardized spectra allm.; a 
precise match for the S peak in Auger spec-
troscopy. Thus, enhanced data reduction and 
calibration provide reliable peak identification, 
even when the signal/noise is low. The insets for 
Figures 3b and 4b are higher resolution spectra 
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Figure 1: (a) W7017El8 and (b) W7017E8. 
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Discussion 
The presence of S surface layers on different 
particle types collected from the stratosphere 
suggests a source for S which is common to all. 
The most obvious source is the aerosol layer in 
the stratosphere -- a repository of many sulphur-
rich aerosols and gases including H 2so~.., OCS, S02 
and CS2 [Turco et al., 1980]. Sulfuric acid 
droplets are present in high concentrations ["'1 
cm-1; Toon and Farlow, 1982] up to about 35km 
altitude, after which the droplets are believed to 
evaporate [Turco et al., 1982; Arnold et al., 
1981]. Some support for the suggestion that the 
aerosol layer is a potential source for S in these 
particles can be obtained from analyses of solid-
fuel rocket exhausts. Two detailed chemical 
studies of solid-fuel rocket exhaust by Mackinnon 
et al. [1982] and Strand et al. [1980] are avail-
able. EDS analyses of over 70 individual Al2o3 
spheres collected from the stratosphere show that 
only minor amounts (<1.0 wt %) of Si and Fe are 
occasionally detected as trace elements in the 
bulk of a specimen [Mackinnon et al., 1982]. 
Strand et al. [1980] also indicate that only minor 
amounts of K, Na, Ti, Fe and Si were observed in 
X-ray spectra of samples collected in the ground 
cloud during a solid rocket launching. A list of 
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Fig. 3. Reduced Auger spectra of the surface 
chemistry for Sample W7017El8 after (a) 0 seconds, 
(b) 24 seconds and (c) 144 seconds Ar sputtering. 
taken under identical operating conditions to 
highlight the weak S peaks. Figure 3c shows the 
low energy spectrum for W7017E18 after an addi-
tional 120 s. sputtering. At this stage (which 
corresponds to "'175A from the outer surface 
layer), Scan no longer be detected. In addition, 
adsorbed carbon peaks are noticeably reduced for 
both samples and the low energy Al peak is well 
defined. The presence of a large oxygen peak for 
both samples throughout the sputtering range 
indicates that both spheres are oxides. The 
spectral shifts for Al in both samples suggests 
that Al is present as a bound oxide rather than a 
free element. This observation for W7017E18 
provides additional evidence to support the 
suggestion by Brownlee et al. [ 1976a] that op-
tically colorless to yellow, transparent Al-rich 
spheres in the stratosphere are A1 20 3. Similar results for Auger spectra were obtained 
for the silicate fragment W7010B23. A significant 
S peak occurred after sputtering for "'144 s., and 
was not present after "'250 s. These data suggest 
that a S layer occurs between 30A and 175A beneath 
the surface of both spheres, and also occurs at a 
greater depth in the silicate fragment. 
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Fig. 4. Reduced Auger spectra of the 
chemistry for Sample W7017E8 after (a) 0 
and (b) 24 seconds Ar sputtering. 
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common rocket components [Schorr and Zaehringer, 
1967) confirms that sulfur components are not 
common constituents of solid-fuel rocket motors, 
In addition, minor amounts of incipient S in a 
silicate (or aluminum) ablation sphere are unlike-
ly to provide the sub-micron surface layer of 
sulfur observed in the samples studied. 
Other possible sources of S include laboratory 
solvents or materials which may have formed 
reaction products on or near a particle surface. 
Hexane and silicone oil are the only liquids used 
in processing of all particles in the Curatorial 
Facility. Both of these compounds do not show the 
presence of S at the <10 ppm level [J.L. Gooding, 
personal communication, 1984]. All other mater-
ials used in sample handling are either pure 
metals (e.g. W) or silica glass. Thus, the 
likelihood of significant surficial contamination 
of all three particles by S during laboratory 
processing is very small. The above arguments 
suggest that surface layers of S on these strato-
spheric particles are the result of chemical 
processing with abundant sulphate aerosols in the 
stratosphere. The depth of occurrence and thick-
ness of S within the upper surface regions of 
stratospheric particles may be dependant upon a 
number of factors including particle compositio~, 
morphology, residence time, aerosol-particle 
reaction rates and concentration of dominant S 
species in the stratosphere. 
The minimum time available for sulfate aerosol 
surface reactions with either sphere can be 
determined if we assume that both spheres fell 
from the top of the aerosol layer [~35km; Toon and 
Farlow, 1981] at a settling velocity, T , cal-
culated by Stokes' equation: s 
2 
T
8 
= 2g.da (o-p)/9n (1) 
where g is gravitational acceleration, p and n are 
atmospheric density and viscosity, respectively, 
cr is the particle density and d8 is the diameter 
of the spherical particle. Using Equation 1, the 
average settling velocity at 20km is 1.01 cm.s-1 
for a lOllm diameter sphere with cr = 2.5g.cm-3 , 
n=l.54 x 10-4 poise and P = 9.2 x 10-7 g.cm- 3 
[Mackinnon et a1., 1984]. The column height from 
the top of the aerosol layer to the collection 
altitude is ~17km. Using these values, we calcu-
late that a 10llm diameter sphere (e.g. W7017E8) 
will take ~20 days to reach the collection alti-
tude. Our observations suggest that sulfate 
aerosol reactivities with silicates and A~ 03 
allow significant surface reactions to occur in 
the stratosphere within this calculated settling 
time. Variations in starting parameters (e.g. 
smaller particle diameter) for the settling rate 
calculation will generally increase the time 
available for aerosol-particle surface reactions. 
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